The pre-operative preparation of a patient for elective surgery requires correction of all major electrolyte abnormalities, osmolality and body fluid compartment excesses or deficits. For the emergency surgical procedure however, only stability of the cardiovascular system is required before the induction of anaesthesia. To facilitate rapid correction of the abnormal haemodynamic state a set of physiological principles are described which aim to simplify therapy.
INTRODUCTION
In a patient with normal fluid and electrolyte status, who is about to undergo an elective surgical procedure, the 4 to 8 hour period of fluid deprivation (imposed to minimize gastric contents), is associated with an insensible fluid loss of 300 to 500 ml (0 ·62 ml kg hr) (Baumber and Clark 1974 , Randall 1976 , Whang, Papper and Lempke 1977 .
This loss is influenced by the patient's temperature and environmental conditions. In the presence of pyrexia, or high ambient temperature, or low humidity, the insensible fluid loss increases progressively with the addition of each factor. Pre-operative ad minitration of diuretics, enemas, or emetics (the latter may be premedication induced) also adds to the predicted loss, generating in some situations a significant degree of dehydration before surgery.
Saline administered pre-operatively to patients with chronic renal failure (Barry, Mazze and Schwartz 1964, Tasker, MacGregor and De Wardener 1974) and isotonic dextrose to patients with diabetes mellitus (Casey 1972 ) enables optimum renal function and carbohydrate maintenance to be achieved without specifically correcting a fluid deficit. Generally, however, the patient in a temperate hospital environment with normal fluid and electrolyte status does not require fluid in the pre-operative period.
A stable fluid and electrolyte status is clearly desirable during the elective surgical procedure, thus correction of any abnormality should occur well in advance of induction of anaesthesia. In the event of an emergency surgical procedure maintenance of cardiovascular stability by rapid correction of blood volume deficits (or excesses), hyperkalaemia and severe acidotic states is the minimal requirement prior to induction.
Management of electrolyte abnormalities as well as fluid excesses (both intracellular and extracellular) is discussed in other papers in this issue of Anaesthesia and Intensive Care. Therefore this review will consider fluid deficits in the pre-operative period.
Intracellular and extracellular fluid compartments and osmolality
Fluid losses from different origins deplete the body of water, electrolytes, protein and blood by different amounts. When a primary water loss occurs, tonicity rises equally in both extracellular fluid (ECF) and intracellular fluid (ICF) compartments, maintaining the transcellular membrane osmotic equilibrium. Correction of the hypertonic state is only achieved by reduction in renal water excretion and imbibition of water, if normal osmolar control mechanisms prevail; almost no alteration in intracellular volume occurs. Anaesthesia and Intensive Care, Vol. V, No. 4, Novembllf', 1977 Since sodium is the major ECF solute, then serum sodium concentration also alters with changes in total body water. Changes in total body sodium content however, only alters ECF volume (Battter 1963) and not serum sodium concentration, as normal body osmolar control mechanisms correct any associated osmotic change following sodium administration. The ECF compartment allows optimum cellular function to occur by providing a stable internal body environment. The interstitial space provides not only the immediate cellular "milieu", but also functions as a volume buffer, by supplying the capillary network with water, protein and electrolytes during the adjustment to any intravascular volume loss. The ICF volume in contrast is controlled largely by the cell membrane sodium pump (Leaf 1970, Glynn and Rarlish 1975) .
Loss of isotonic saline, plasma protein or blood produces respectively increasing deficits of intravascular volume with little change in body tonicity. Hypotonic body fluid losses are associated with the dual problem of hypertonicity and intravascular volume depletion. Therapy with hypertonic and hypotonic solutions particularly when renal, cardiovascular, hepatic or ADH abnormalities exist will further alter the fluid and electrolyte status of the patient.
Clearly the over-riding problem with body fluid loss is the degree of intravascular volume change. This varies with the type of fluid lost (Table 1) and must be corrected rapidly. Abnormalities in fluid tonicity unless severe are of little immediate consequence in the initial process of resuscitation (Loeb 1974).
Intravascular volume and cardiac output
The therapeutic aim in patients with intravascular fluid loss is correct replacement; although fundamentally the aim is to ensure a stable cardiovascular system, to allow adequate delivery of oxygenated blood, both during induction of anaesthesia and throughout the surgical procedure.
Oxygen delivery by the cardiovascular system is a function of haemoglobin content, haemoglobin oxygen saturation and cardiac output (Nunn 1969) . Oxygen availability to tissues however, depends also upon the position of the oxygen haemoglobin dissociation curve, tissue oxygen tension and net blood flow to that particular organ (Finch and Lenfant 1972) .
For optimum transport of oxygen the haemoglobin saturation is kept above 90% (arterial oxygen tension >60 mm Hg (Sykes, McNicol and CampbellI969) ) and haemoglobin content is maintained at 10-11 gm % (approximately 70% normal (Rawstron 1976) ). The improvement in oxygen carrying capacity by increasing the haemoglobin content above this level has been said to be offset by an increasing blood viscosity, reducing tissue blood flow: however, it is claimed a reduction below about 10 gm % although improving tissue perfusion is offset by a reduced oxygen carrying capacity of blood (Messmer 1975) .
The relevance of the position of the oxygen haemoglobin dissociation curve in relation to adequate oxygen delivery for the non anaemic patient is not yet clear (McConn 1975) . Most authors argue from the point of view of peripheral tissue oxygenation and claim that a rightward shift of the curve is to the patient's advantage. However, when hypoxia is produced by breathing air with low oxygen tensions or by pulmonary diseases characterized by low ventilation/perfusion ratios then a leftward shift of the curve provides the haemoglobin molecule with an ability to accept more oxygen during its pulmonary capillary transit. In high altitude dwellers this adaptation is necessary to improve their survival (Petschow et al. 1977) .
Generally it is thought that cardiac output plays a central role in maintaining peripheral perfusion, and factors affecting the output can be conveniently divided into disturbances of preload, con tractility and afterload (Braunwald, Ross and Sonnenblick 1976) . Guy ton suggests however, that the heart plays more a passive role in maintaining output relative to tissue demands, since the cardiovascular system normally is a closed circulatory loop, the blood pumped out must equal the volume of blood returned (Guy ton 1955, Guy ton 1971) Figure 1 . Tissues with increased metabolic demands generate a number of vasodilator compo~ds increasing its own blood supply. The reductIon in peripheral resistance allows a shift of blood from the arterial to the venous side of the cardiovascular system, thereby improving venous return and thus cardiac output. The heart therefore adjusts its output to the input-the input is adjusted by tissue metabolic demands.
This view however must be tempered with the knowledge that there are many modifying neurogenic, hormonal and mechanical influences in the in-l'/vD situation. The skeletal muscle pump and the mechanical pump effect of respiration, augments venous return during FIGURE I.-A diagram of a mechanical analogue representing the basic aspects of the canliovascular system. The circuit is a closed loop; preload, con tractility and afterload, for both pulmonary and systemic systems are represented by, pulmonary and peripheral venous capacity, right and left pumps and the pulmonary and systemic arteriolar tone respectively. Blood volume for a iO Kg man in the pulmonary, peripheral venous and arterial systems arc shown, and for the sake of simplicity the systemic arteriolar tone shows regulation in all but cerebral and coronary circulations.
exercise to improve cardiac output. These effects are separate from a vasodilating mechanism improving venous return. For therapeutic purposes however, factors altering canliac output can be classified as abnormalities of preload, contractility and afterload (Figure 1 ).
PHELOAD
Within physiological limits the ventricular stroke work varies directly with changes in ventricular end diastolic volume. This is commonly known as the Frank-Starling mechanism, or law of the heart, Increasing the ventricular volume at the end of diastole, and therefore the intra-ventricular pressure (preload), increases cardiac output.
The right and left ventricles are connected via the pulmonary and systemic vascular systems. Isolated failure of the right ventricle is associated with peripheral oedema whereas left ventricular failure produces pulmonary oedema; each will occur when the respective filling pressures are elevated above a certain critical level. Peripheral oedema is of little immediate consequence, in contrast, pulmonary oedema is life threatening.
In patients with cardiogenic shock, left atrial pressures of up to 16-18 mm Hg have been proposed to allow maximum preload augmentation of cardiac output with minimum risk of pulmonary oedema (Crexells et al. 1 !l73, Forrester et al. 1976, Forrester, Diamond and .
However, in patients with increased pulmonary capillary permeability and non cardiogenic pulmonary oedema, left atrial pressures above 10 mm Hg are poorly tolerated (Stein et al. 1975 , Stevens 1975 ).
In the uncomplicated disease process with obvious blood or EeF loss, the patient can be managed simply by appropriate fluid replacement and frequent clinical assessment. In more complicated cases signs of circulatory overload may be misinterpreted (Cnger, Schibel and :\Ioser 1975) , furthermore elevated right atrial pressures may not reflect a similar left atrial pressure change (Forrester et al. 1971 , l\IacLaren et al. 1974 , Samii, Conseiller and Yiars 1976 , Krausz et al. 1977 . Therefore in patients with combined cardiovascular and pulmonary failure, appropriate therapy can only be accurately determined by right heart catheterization and assessing the haemodynamic status with pulmonary wedge pressure, right atrial pressure, cardiac output, arterial and mixed venous blood gas measurements (Stevens, Friedman and i\icotra 1973, Editorial 197f Although these measurements are invaluable in managing the patient with multiple organ failure, nonetheless they still remain an adjunct and not a replacement for frequent clinical assessment (Baek ct al. 1975 ). CO;-';TRACTILITY I t is well known that the mechanical performance of the heart cannot be measured in isolation, as the contractile or inotropic state of the cardiac muscle depends upon the initial myocardial fibre length (or ventricular end diastolic volume) (Editorial JU77, Jewell lU77), For practical purposes hO\\·ever, contractility may be considered as the change in mechanical performance of the heart for a gi\Tn preload and afterload. Clinically therefore, following replacement of an intravascular volume deficit, if the ·patient is hypotensive and the cardiac output is still judged insufficient, inotropic agents are indicated. Anaesthesia and 11licnsive Care, Vol. V, No. 4, l\"ovember, 1977 Essentially these agents should improve contractile performance without disproportionately increasing myocardial oxygen demand. Since the commonly used inotropic agents increase myocardial oxygen requirements a balance must be met whereby the improvement in the peripheral circulation is not at the expense of myocardial oxygenation. Normally an increase in myocardial metabolic requirements vasodilates the coronary circulation and increases myocardial blood flow (Rubio and Berne 1975) . In this situation even massive doses of inotropic agents may be tolerated. However, in the presence of diseased coronary arteries, flow to an area distal to a coronary artery stenosis is pressure dependent and unable to respond to tissue demands; here the balance reached between peripheral and myocardial requirements is critical. In addition, hypotension and tachycardia, which may be produced by the inotropic agent, can further reduce blood supply to the ischaemic myocardium.
The development of excessive myocardial " strain" imposed by the inotropic agent may be reflected by ST and T wave changes in the ECG, tachycardia, bradycardia, hypotension, chest pain and ectopic rhythms, and may indicate the need to change therapy. · . · . ++++ +++ ++ Sodium < 10 mmol/l AFTERLOAD This may be defined as the force per unit cross-sectional area (pressure), developed in the ventricular wall during ventricular ejection, and relates to factors increasing or decreasing impedance to left ventricular ejection (Braunwald et al. 1976) . Increasing afterload increases isometric contractile activity and decreases the proportion of energy expended in myocardial fible shortening. Normally a change in preload and myocardial contractility reftexly " match" this change (Ross 1976) , if they fail to do so, cardiac output decreases. \Vith a reduction in afterload the change in cardiac output depends upon the accompanying change in preload (Ross 1976) . Vasodilating a patient who is hypovolaemic diminishes cardiac output and is contraindicated in conditions with a diminished intravascular volume. However, if venous return is maintained then peripheral vasodilation improves cardiac output as well as reducing myocardial oxygen demands, both of which are therapeutically desirable in patients with moderate or severe degrees of systemic hypertension and acute myocardial infarction (Franciosa et al. 1972 , Kelly et al. 1973 or congestive cardiac failure (Gold, Leinbach and Saunders 1972, Chatterjee and Parmley 1977) . Vasodilation therapy however, is not without risk, the sudden reduction in afterload may reduce blood supply to the pressure dependent areas of the ischaemic myocardium, thus close clinical and haemodynamic observation is necessary if this form of therapy is to be undertaken , Forrester et al. 1976 ).
Assessment therapy and monitoring of body fluid losses
This follows the standard clinical approach. Consideration of history, physical examination, laboratory and haemodynamic data along with the patients age, sex, height, weight, previous illnesses and current nutritional status allows an integration of all the relevant data necessary for a rational approach to therapy ( Table 2) .
The body fluid compartmental volumes, their ionic and colloid composition along with the composition of common surgical fluid losses must be remembered whenever prescribing parenteral therapy.
The major focus is upon the degree of intravascular fluid loss. The presence of overt cardiovascular depression should be corrected ideally within minutes by administration of warmed blood or colloid solutions. \Vith the return of normal clinical haemodynamic values for blood pressure and pulse, the restoration of total blood volume can occur during the following 8 to 12 hours. Thereafter the remaining component fluid and electrolyte losses from the ECF and ICF compartments can be replaced within the next 24 to 48 hours.
The importance of adequacy of blood volume prior to anaesthesia has led to more aggressive intravenous fluid regimens in resuscitating the shocked patient. Understandably therefore hypovolaemia has become less of a clinical problem, although circulatory overload may have (sublinguaUy) 300-750 fLgjmin 2'5-10 mg 50-100 mg become more frequent (Roth, Lax and Maloney 1969) . The tacit objective is to improve cardiovascular status without producing pulmonary oedema. With adequate intravascular replacement and poor peripheral perfusion inotropic agents are indicated. Further improvement of myocardial function may then be attained by the use of peripheral vasodilating agents. This approach to therapy, whereby preload, then con tractility and then afterload are successfully augmented, provides the clinician with a suitable framework for all forms of cardiovascular failure. The therapeutic agents commonly used are classified similarly (Table 3) .
That the patient is being correctly treated can be gauged by a gradual return to normal, the clinical, haemodynamic and biochemical states initially observed (Table 2) . Urine outputs of Anaesthesia and Intensive Care, Va!. V, j"o_ 4, November, 1977 20-80 ml hr may be necessary, varying with the excretion of solute load and basic renal function. Fluid balance charts are at best only a guide since occult losses and gains of fluid reduce their absolute accuracy.
Clinical judgment usually directs the final decision. Hopefully however, it is guided by a set of sound physiological principles, so enabling a rational basis to therapy.
